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What is a Park Ranger?       
• NPS Mission: conserve the scenery the        ,   
natural and historic objects, and the wildlife, 
and to provide for the public's enjoyment of               
these features in a manner that will leave 
them unimpaired for the enjoyment of future             
generations
• Protect: the Park from people people from        ,     
the Park, people from each other
Yosemite 2009:  301 arrests, 491 EMS response, 1784 Fire hours, 242 Search and Rescues
What is Search and Rescue? (SAR)         
• Locate
x,y,z (t)
• Stabilize
P x,y,z (t)
• Extract
• Prevention?
Action occurs at a time and a place
Framework
• If Search and Rescue is an inherently spatial               
process, then:
– The application of GISystems should enhance the           
likelihood of desirable outcomes – rescue/prevent
– The study of SAR in a spatio‐temporal context can                 
contribute to GIScience
GIScience topics 
• Probabilistic time geography   
• Dynamic GIS
G hi l d• eograp c one‐c ass  ata
• Spatial uncertainty, data quality, and 
innovative uses of human geography
Yosemite Search and Rescue (YOSAR)       
Not me
12,000 sq miles, 95% wilderness, 800 miles of hiking trails
Yosemite 
l kNationa  Par
• Annually
– +3.5 million visitors
+200 SARs–  
• How do we find and 
th ?rescue  em
• Where and when do 
they get rescued?
Hung et al 2007

What is Search and Rescue? (SAR)         
• Locate
S bili• ta ze
• Extract
• Prevention?
When location is known     
Notification:
• In Person
di• Ra o
• Cell‐phone (Enhanced‐911)
• S.E.N.D. (SPOT)
When location is unknown     
• Point Last Seen (PLS)
• Last Known Point (LKP)     
• Witnesses
Iti• nerary
• Clues
Are they missing or overdue?
ArcGIS Modelbuilder for custom tools
PLS
PLS
Hasty Search 
Trail blocks
Planning
• Probability of Area (POA)
• Probability of Detection (POD)
Probability of Success = POA x POD
Small Search Area = Low POA Large Search Area = Low POD
X = last known point
O = current location            
***Probabilistic time geography
Lost Person Behavior Statistics for the 
Hiker Category (ISRID)   
Pages 184‐185 in Lost Person Behavior by Robert Koester (dbS Productions, Charlottesville, VA)
ISRID Data – statistical POA
Travel‐cost model 
From Tobler 1993,  Miller and Bridwell 2009, Lin and Goodrich 2010
Incident Archive 
Assignments
• Search Segments 
– Terrain
– Man‐made features
– Water
• Teams
– Tracking
– Ground
– Dog
– Helicopter
Search Boundary – 28.6 Sq. Miles       
Integrated Terrain Units   
Segment the Map   
Wacom penabled screen
Assigning Segments 
Assigning Segments 
Assignment Maps 
Large format HP plotter
POD/debrief
Garmin 60Csx
Search Progress – Day 1 and 2         
Successful Find 
Point Last Seenlaces not s
The role of GIS within 
Incident Command
1.
Planning
Digitize search assignments
Hazard analyses
Print assignment maps
2.
BriefingRe‐group
Load assignments onto GPS units
3.6.
Provide Ops  and Search TeamsGPS unit download, 
O tiD b i f
with assignment mapsPlot GPS tracks and clues
4.5.
pera onse r e
Real‐time GPS  unit tracking 
Clue logging
* The GISS falls under the Planning Section, working directly for the SITL
What is Search and Rescue? (SAR)         
• Locate
S bili• ta ze
• Extract
• Prevention?
Computer‐Aided Dispatch 
Common Operational Picture   
• Unified cartography   
• Real‐time tracking
GPS bl d di–  ena e  ra os
– Smart phones
– Automated flight following
• Web‐GIS
***Dynamic GIS
What is Search and Rescue? (SAR)         
• Locate
S bili• ta ze
• Extract
• Prevention?
Types of Extraction   
• Ground
– Walk/crutch‐out
– Litter Carryout
T h i l R– ec n ca   escue
• Water
– Shore‐based
– Rescue Swimmer/Technical Rescue
• Air
– Direct
– Short‐haul
Landing Suitability Model   
Slope Reclassify (expert knowledge) 
Vegetation Reclassify (expert knowledge) 
and spatial uncertainty W
eighte Raster 
suitability 
(NDVI)
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and spatial uncertainty
ed O
verlay
 
categories
azar s Reclassify (expert knowledge) 
and spatial uncertainty
Expert Model 
95 % correct classification on test data
Store and Kangas 2001, Malczewski 2004
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Expert Model
N = 4000, Kruskal‐Wallis P < 0.001, Nemenyi test shows separation of all groups
 
95 % correct classification on test data
Weighted overlay technique   
Store and Kangas 2001, Malczewski 2006 
Machine‐learning model 
95 % correct classification on test data
Maxent – significant relationship with Expert Model         
using 100 training points 
***Geographic one‐class data
Philips et al. 2006; Mateo‐Tomás and Olea 2010
What is Search and Rescue? (SAR)         
• Locate
S bili• ta ze
• Extract
• Prevention?
Preventative Search and Rescue     
• Use our knowledge of past incidents to             
inform:
– The visitors 
– The management
The rescuers–  
***Spatial uncertainty, data quality, and innovative use
The big problem:
We do not have spatially explicit 
incident information and we are 
losing our institutional knowledge
What is an ideal georeference?
A numerical description of 
a place that can be         
mapped and that describes 
the spatial extent of a         
locality and its associated 
uncertainties  as well as 
possible.
G id t B t P ti f G f i
Wieczorek et al 2004; Chapman and Wieczorek 2006, Guo et al 2008; Liu et al 2009
u e  o  es   rac ces  or  eore erenc ng
Put it on a map, do it well, and know how 
confident you should be 
Reference object vs. Target object
Georeferencing SAR 
Locality Description Example Figure
F Feature “Patient fractured ankle at Columbia Point”.
 
P Path or linear 
feature 
“Patient twisted knee while on the Mist Trail
between the Steps and the top of Vernal Falls”. 
 
J Junction “Patient was found unconscious at the junction 
of the John Muir and Panorama Trail”.  
BF Between 
features or
“The missing person’s body was located 
between the Tioga Road and Gaylor Lakes  
paths
     
Trail”.
Point method 
834 of 934 incidents from 2006 – 2009 could be 
georeferenced
Wieczorek et al. 2004 IJGIS
Point‐radius method 
Guide to Best Practices for Georeferencing
834 of 934 incidents from 2006 – 2009 could be 
georeferenced
         
Wieczorek et al. 2004 IJGIS
Shape‐method
578 of 834 incidents from 2006 – 2009 were 
path related 
Probability‐field method
Guo et al. 2008 IJGIS
Spatio‐Temporal Distribution 
Tuolumne 
Meadows
Winter 2007
Wawona
Spring 2007
Summer 2007
Fall 2007



Digital Library 
“As a collector, you may have an intended use 
for the data you collect but data have the                 
potential to be used in unforeseen ways; 
therefore the value of your data is directly,               
related to the fitness of those data for a 
variety of uses”    . 
“As data become more accessible, many more 
b ”uses  ecome apparent .
Chapman and Wieczorek 2006
GIScience topics 
• Probabilistic time geography
• Human geography
• Geographic one‐class data   
• Machine learning algorithms
• Spatial uncertainty, data quality, and 
innovative use
2010 Doctoral Dissertation Research Improvement Grant         
Get involved!
Using GIS in SAR for Emergency 
Responders Google Group
Any questions? 
Special thanks to KU Graduate Student 
Jared Doke for georeferencing 934       
incidents this summer
